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Symmetries:
® Poincaré transf. X'* = AH XY + M
* 2D diff. v = (171) )" 1o
* Weyl transf. v/, = €*© yap
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Action Principle and Conformal Symmetry

Polyakov’s Action
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Symmetries: Conformal symmetry:
e Poincaré transf. X'* = A*, XY + ¢* ® vanishing stress-energy tensor: Tog =0
e 2D diff. yfxﬁ = (<]71)o¢l3)\p Trp ® traceless stress-energy tensor: tr7 =0

—e®
* Weyl transf. v/,; = e*® 7,5 e conformal gauge V.5 = e® nup

1/10



0@00000 o o
]

Let z = eTEtio = 5’7’(2) = 87_'(7) =0

h 1 Imz
T(2) @p(w) R ———Dp(w) + —— D Dp(w) N
(z=w) v Jatn] = e
T@Tw) *~ 25 + 0z =w)7) S

; ‘ Rez
‘5(0) |Z(0)| = e'EE'i.o)

=) (=) (=) c

Loy Ll = (n=m)Lnim+ —n(n* —1)8pimo -

12 @
—_ 1

(Lo In] = O

2/10



o

Superstrings in D dimensions:

T(z) = —$8X(z) -0X(z) — %tb(z) -oP(z) = c=:D

3/10



CFT
00@0000

Action Principle and Conformal Symmetry

Superstrings in D dimensions:

T(z) = —éaX(z) -0X(z) — %1])(2) oP(z) = c= ED

(A,0) / (1 —A,0) Ghost System

Introduce anti-commuting (b, ¢) and commuting (3, y) conformal fields:
1 — _
Sghesls € B, V] = 5 / / dz dz (b(2) De(2) + B(2) DY (2))

where A, =2 and Ac = —1, and Ag = 3 and A, = —1.
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Action Principle and Conformal Symmetry

Superstrings in D dimensions:

T(z) = —éaX(z) -0X(z) — %1])(2) oP(z) = c= gD
(A,0) / (1 —A,0) Ghost System

Introduce anti-commuting (b, ¢) and commuting (3, y) conformal fields:

1 _ _
Sghesls € B, V] = 5 / / dzdz (b(2) Be(2) + B(2) Fy(2))
where A, =2 and Ac = —1, and Ag = 3 and A, = —1.

Consequence:

Clll = C+ Cghost =0 & D =10.
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Extra Dimensions and Compactification

Compactification

'//11,9 :%1,3(@%

® 25 is a compact manifold

e )/ = 1 supersymmetry is preserved in 4D

® algebra of SU(3) ® SU(2) ® U(1) contained in arising gauge
group
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Extra Dimensions and Compactification

Compactification

'///1,9 :%1,3(@%

® 25 is a compact manifold

e N = 1 supersymmetry is preserved in 4D

® algebra of SU(3) ® SU(2) ® U(1) contained in arising gauge
group

K&hler manifolds (M, g) such that
® dimgM=m
* Hol(g) C SU(m)
® g is Ricci-flat (equiv. ¢1(M) vanishes)

4/10



CFT Time Divergences Deep Learning
000e000 o] o]
o]

Extra Dimensions and Compactification

Compactification

'///1,9 :%1,3(@%

® 25 is a compact manifold

e N = 1 supersymmetry is preserved in 4D

® algebra of SU(3) ® SU(2) ® U(1) contained in arising gauge
group

K&hler manifolds (M, g) such that Characterised by Hodge numbers
® dimgM=m
* Hol(g) C SU(m)

* g is Ricci-flat (equiv. c;(M) vanishes) counting the no. of harmonic (r, s)-forms.

h"* = dim¢ H2*(M, C)
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Polyakov's action naturally introduces Neumann b.c.:

o={

05 X(t,0) =0

o=0

satisfied by open and closed strings living in D dimensions s.t. (X = 0.
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Polyakov's action naturally introduces Neumann b.c.:

o={

05 X(t,0) =0

o=0

satisfied by open and closed strings living in D dimensions s.t. (X = 0.

X(z,2)=X(2)+X(Z) 2 X(@z)-X(@)=Y(z2) =Y +Y(Z)
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D-branes and Open Strings

Polyakov's action naturally introduces Neumann b.c.:

o={
0sX(T,0) =0
o=0

satisfied by open and closed strings living in D dimensions s.t. 0X = 0.

T-duality

X(z,2)=X(2)+X(2) = X(@)-X(@)=Y(z2) =Y +Y{?)
Resulting effect (repeated p < D — 1 times) leads to Dirichlet b.c.:

Do X'(T,0) =0 = 0.Y(t,0) =0 Vi=1,2,....p

thus open strings can be constrained to D(D — p — 1)-branes.
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Introducing Dp-branes breaks ‘ ISO(1, D — 1) = ISO(1, p) ® SO(D — 1 — p). ‘
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Introducing Dp-branes breaks ISO(1, D — 1) — ISO(1, p) ® SO(D — 1 — p).

A o Ao
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Introducing Dp-branes breaks ISO(1, D — 1) — ISO(1, p) ® SO(D — 1 — p).

A o a0y, a=1

Introducing Chan—Paton factors A", when

branes are coincident:
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D-branes and Open Strings

Introducing Dp-branes breaks ISO(1, D — 1) — ISO(1, p) ® SO(D — 1 — p).

Massless Spectrum (irrep of little group SO(D — 2)

AY & oA0), A=0,1,...,p
a=1

i H
AY o en|0) = e L a0, 2 .. D-p—1
Introducing Chan—Paton factors A", when

branes are coincident:

,_'j)

N
Pdu.a) — uw)
r=1

Build gauge bosons, fermions and scalars.
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Standard Model-like Scenarios

baryonic (Y = 3)
) R

leptonic (Y =0)

leptonic (Y = —1)

left (Y =—1) right (Y = —1) right (Y = 0)
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Consider N intersecting D6-branes filling .#** and embedded in R®

‘Twist Fields Correlators
<tlf[1 Oy (X)) >
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